One of the main challenges in scaling of future integrated circuits is the need for new low dielectric constant (low-k) materials that can substantially reduce the resistance-capacitance delay at the system level. The new low-k material must also overcome the fatal falloff in the mechanical properties, known as the low-k death curve, that is typically associated with the low density of the material required to achieve low k values [1] . Amorphous hydrogenated boron carbide (a-BC:H) combines low k with other advantages, including chemical, thermal, electrical, and mechanical reliability, and therefore has recently gained attention as a high-performing low-k material alternative to conventional SiO 2 and SiOC:H/SiCO:H. Our a-BC:H films are synthesized using plasma-enhanced chemical vapor deposition of molecular ortho-carborane, which converts into an amorphous polymer upon deposition [2] . The method enables a high degree of variation in structure and composition (a-B x C:H y ), which allows for tuning the properties of the material by controlling its nanoscale structure. For example, controlling the degree of medium range order (MRO) arising from the connection or gathering of icosahedral B x C orthocarborane clusters (Fig. 1a) can enable tuning the dielectric constant and other important properties of the material with high flexibility. Understanding the MRO structure of a-BC:H is therefore crucial, but the characterization of MRO has been difficult because conventional imaging or diffraction methods are insensitive to such ordering due to its small size and elusive nature.
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Here we report the characterization of the nanoscale structure of a-BC:H using fluctuation microscopy to understand the details of MRO and how it relates to important properties of the material. Fluctuation microscopy is based on electron nanodiffraction, and measures the structural fluctuation caused by the nanoscale MRO in disordered structure, providing information on the size, type, degree, and volume fraction of MRO (Fig. 1b and 1c) [3] . It requires a few hundred to a thousand nanodiffraction patterns taken from many different areas of the sample (e.g. Fig. 1d to e) , and calculates the intensity variance, V, among those diffraction intensities, as a function of the scattering vector magnitude, k (Fig. 2a) , which represents the structural fluctuation. For example, Fig. 2a shows the V(k) from high-and low-density a-B x C:H samples, which are significantly different from each other. V(k) from a high-density sample shows many peaks, indicating that the sample includes a significant degree of MRO in its structure, while the low-density sample does not. By comparing the experimental V(k) to the simulated V(k) from known atomistic models, such as molecular dynamics (MD) generated models, the details of the nanoscale structural origins of the peaks at V(k) can be analyzed (Fig. 2b) . For example, the first peak in V(k) matches the simulated V(k) peak from an MD-generated model that has a clear separation between the super-clustering of the icosahedral clusters. This implies that the peak includes the information on how those superclustered MRO domains are separated from each other. The second peak, on the other hand, matches the simulated V(k) from the known B 4 C crystal (Fig. 2c) [2] , suggesting that MRO that resembles that of the B 4 C crystal is abundant in the structure. The detailed relationship between such MRO structure and important electric/mechanical properties will be discussed in this presentation. 
